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FREQUENCY AGILE EXCITER 

TECHNICAL FIELD 

[0001] The present invention relates generally to communications systems, and 
more specifically to signal transmitters. 

BACKGROUND OF THE INVENTION 
[0002] Efforts in the design of integrated circuits for radio frequency (RF) 
communication systems generally focus on improving performance, reducing cost or a 
combination thereof. One area of increasing interest relates to conversion of signals, 
such as from analog-to-digital or digital-to-analog. Both types of conversion have 
benefited from the development and use of delta-sigma modulation. 
[0003] Delta-sigma modulation is a technique used to generate a coarse estimate 
of a signal using a small number of quantization levels and a very high sampling rate. 
Limiting a signal to a finite number of levels introduces "quantization" noise into the 
system. Oversampling and the use of an integrator feedback-loop in delta-sigma 
modulation are effective in shifting quantization noise to out-of-band frequencies. The 
noise shifting properties enable efficient use of subsequent filtering stages to remove 
noise and produce a more precise representation of the input. 
[0004] The use of delta-sigma modulation in a digital-to-analog conversion can 
produce an analog signal having a high dynamic range, but only for limited ranges of 
frequency. Outside of a narrow frequency band having a high dynamic range, the delta- 
sigma modulation produces significant quantization noise. In effect, the delta-sigma 
modulator trades the majority of its spectral range for a few regions of high dynamic 
range operation. The out-of-band quantization noise produced by the delta-sigma 
modulation requires an analog filter to attenuate all frequencies outside of the narrow 
low-noise bands. 

[0005] While delta-sigma modulators have been useful in digital-to-analog 
conversion applications dealing with a narrow band of frequencies, frequency hopping 
and multi-frequency applications have required a wide-band, convention, digital-to- 
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analog converter to achieve necessary spectral coverage. The performance of existing 
digital-to-analog converters using delta-sigma modulators, referred to hereinafter as a 
delta-sigma DACs, simply degrades too quickly to be useful outside of its narrow 
spectral band. Delta-sigma DACs possess a number of desirable characteristics, such 
as a high dynamic range and the ability to directly produce radio frequency signals, that 
would make them useful for these applications. The present invention enhances the 
utility of delta-sigma DACs, enabling them to support a wider range of frequencies and 
in turn support multi-band and multi-standard transmitters. 

SUMMARY OF THE INVENTION 
[0006] The following presents a simplified summary of the invention in order to 
provide a basic understanding of some aspects of the invention. This summary is not 
an extensive overview of the invention. It is intended neither to identify key or critical 
elements of the invention nor delineate the scope of the invention. Its sole purpose is to 
present some concepts of the invention in a simplified form as a prelude to the more 
detailed description that is presented later. 

[0007] In accordance with one aspect of the present invention, a frequency agile 
exciter assembly provides high dynamic range operation over a variable range of 
frequencies. A delta-sigma modulator, having associated frequency characteristics, 
produces a digital output signal. A digital-to-analog converter converts the digital output 
signal into an analog signal. A clock circuit provides a clock signal to the delta-sigma 
modulator and the digital-to-analog converter. A frequency control controls one or more 
of the clock circuit, the delta-sigma modulator, and the digital-to-analog converter to 
alter the frequency characteristics of the delta-sigma modulator. 
[0008] In accordance with another aspect of the present invention, a digital 
frequency synthesizer having frequency agility is provided. A digital-to-analog converter 
receives a digital input signal and outputs an analog signal having an associated 
frequency. A tunable filter, having at least one passband with a respective central 
frequency, filters the analog output signal. A frequency control controls the respective 
central frequencies of the at least one passband. 
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[0009] In accordance with yet another aspect of the present invention, a method 
is provided for providing a frequency agile delta-sigma digital-to-analog converter. At 
least one frequency characteristic associated with a delta-sigma modulator is altered. A 
tunable filter is configured to an appropriate passband according to the frequency 
characteristics of the delta-sigma modulator. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] FIG. 1 illustrates a functional block diagram of a transmitter system 
comprising a tunable exciter in accordance with one aspect of the invention. 
[0011] FIG. 2 is a graph of an analog output signal in which power is plotted as a 
function of frequency for the analog output of a frequency-agile delta-sigma DAC 
implemented in accordance with an aspect of the present invention. 
[0012] FIG. 3 illustrates a functional block diagram of an exemplary embodiment 
of an tunable exciter in accordance with an aspect of the present invention. 
[0013] FIG. 4 illustrates a functional block diagram of another exemplary 
embodiment of an exciter in accordance with another aspect of the present invention. 
[0014] FIG. 5 illustrates a multi-carrier exciter in accordance with one or more 
aspects of the present invention. 

[0015] FIG. 6 illustrates an exemplary frequency agile digital synthesizer system 
in accordance with an aspect of the present invention. 

[0016] FIG. 7 illustrates another exemplary frequency agile digital synthesizer 
system in accordance with another aspect of the present invention. 
[0017] FIG. 8 illustrates a methodology for varying frequency characteristics of an 
exciter in accordance with one or more aspects of the present invention. 

DETAILED DESCRIPTION OF INVENTION 
[0018] The present invention relates to systems and methods for varying 
frequency characteristics of an exciter. In accordance with one or more aspects of the 
invention, the exciter can include a digital-to-analog converter (DAC) having one or 
more variable frequency characteristics. For example, the center frequency and shape 
of one or more regions of high-dynamic range associated with the DAC can be altered 
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at a central frequency control to allow for changing input frequencies. In an exemplary 
embodiment, the DAC is a delta-sigma DAC (e.g., a DAC that operates on a delta- 
sigma modulated signal). In accordance with an aspect of the invention, the exciter can 
further include a tunable filter for attenuating noise outside of a desired range of 
frequencies. The methods and systems described herein are generally useful in 
exciters, but are also applicable to multi-carrier applications and within the field of direct 
digital synthesis. 

[0019] FIG. 1 illustrates a transmitter system 10 comprising a tunable exciter 12 
in accordance with one aspect of the invention. The exciter 12 receives one or more 
digital information signals at a delta-sigma modulator 14. The signals are input into the 
delta-sigma modulator 14 as a multi-bit input stream at a first sample rate. The delta- 
sigma modulator 14 converts the multi-bit input stream into an output stream at a 
second sample rate. The second sample rate can be selected according to desired 
frequency characteristics of an analog output signal associated with the system. 
[0020] The output stream is provided to a digital-to-analog converter (DAC) 16. 
The digital-to-analog converter 16 converts the digital output stream into one or more 
analog signals, each having a characteristic frequency associated with the second 
sample rate. In an exemplary embodiment, the characteristic frequency is a radio 
frequency, such that the analog signal can be broadcast without any change in 
frequency. By radio frequency, it is intended to encompass the range of feasible 
transmission frequencies, including both traditional radio frequency (RF) ranges (e.g., 
megahertz range) and microwave frequency ranges (e.g., gigahertz range). The 
characteristic frequency can, however, be an intermediate frequency, requiring one or 
more upconverters (not shown) within the exciter to convert the intermediate frequency 
signal to an appropriate frequency for transmission. 

[0021] It will be appreciated that the output of the delta-sigma modulator can 
contain a considerable amount of quantization noise. For example, a delta-sigma 
modulator transforming a twelve-bit output into a one-bit output will generate a large 
amount of quantization noise. One of the purposes of the delta-sigma modulator 14 is 
to shape the noise in a desired fashion. For example, much of the noise can be shifted 
to frequencies well outside a narrow frequency band of interest. Once the noise has 
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been shifted away from the narrow frequency band of interest, it can be removed from 
the signal without undue impact on the frequency band of interest. 
[0022] To this end, the analog signals are then provided to a tunable filter 18. 
The tunable filter 18 has one or more characteristic passbands with associated center 
frequencies. The filter allows signals having a frequency falling within the passbands to 
pass through in approximately their original state, but attenuates signals having a 
frequency falling outside of the passbands. It will be appreciated that one or more of 
the passbands of the tunable filter 18 can be arranged to coincide with the frequency 
band of interest for the delta-sigma modulator 14 and DAC 16. Thus, the out-of-band 
quantization noise can be filtered from the signal, and the filtered signal can be provided 
to an amplifier 20 for transmission. 

[0023] A problematic characteristic of delta-sigma modulation is the narrow range 
of frequencies produced by a delta-sigma modulator. The quality of a delta-sigma 
modulated signal degrades quickly as it diverges from a narrow, high dynamic range 
band associated with the delta-sigma modulator. Thus, while the delta-sigma provides 
a signal having a high dynamic range over its associated band, it is effectively limited to 
this narrow band of frequencies. 

[0024] In accordance with an aspect of the present invention, each of the delta- 
sigma modulator 14, the DAC 16, and the tunable filter 18 can be controlled by a 
frequency control 22. The frequency control 22 is operative to change one or more 
frequency characteristics of at least one of the delta-sigma modulator 14, the DAC 16, 
and the tunable filter 18 to provide a frequency agile exciter 12. For example, the 
frequency control can alter a characteristic center frequency or shape of a high dynamic 
range frequency band associated with the delta-sigma modulator 14. The frequency 
control 22 can comprise a microprocessor running customized software, a specialized 
digital or analog signal processor, or any of a number of other signal evaluation 
components. The frequency control 22 can receive input from a user as configuration 
input or frequency information can be passed to the frequency control from components 
upstream of the delta-sigma modulator (not shown). 

[0025] The frequency control 22 allows the exciter 12 to dynamically adjust to a 
number of different frequencies by adjusting the frequency band of one or more 
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components. For example, the frequency control can change clock rates associated 
with the delta-sigma modulator 14 and the DAC 16 to change the frequency 
characteristics of the one or more high dynamic range frequency bands associated with 
the delta-sigma modulator 14 and the DAC 16. The passband frequencies of the 
tunable filter 18 can also be changed by the frequency control 22 to match a desired 
output frequency of the DAC 16. These changes can occur in real time, allowing the 
exciter 12 to be used for frequency hopping and frequency division schemes. 
[0026] FIG. 2 is a graph 30 of an analog output signal in which power (dBm) is 
plotted as a function of frequency (MHz) for the analog output of a frequency-agile 
delta-sigma DAC implemented in accordance with an aspect of the present invention. 
The signal is shown at a first time as a first line 32 drawn in black and at a second time 
as a second line 34 drawn in gray. As mentioned previously, a delta-sigma DAC 
according to an aspect of the present invention can provide a very low noise region 
(e.g., 36) of the spectrum, which is particularly useful for wireless communications 
applications. By providing for frequency agile operation of the delta-sigma DAC, a 
delta-sigma DAC can support multi-band and multi-standard transmitters. 
[0027] At a first time, corresponding to the first line 32, the signal is operating in a 
GSM band. For this example, a low noise region 36 associated with the analog signal is 
centered at about 940 MHz. The low noise region 36 extends for a bandwidth ranging 
from about 30 MHz to about 100 MHz around the center frequency. In accordance with 
an aspect of the present invention, the center frequency of the signal can be changed, 
such that the signal at a second time, corresponding to the second line 34, is operating 
in a WCDMA frequency band. Thus, a low noise region 38 associated with the signal is 
now centered at about 2135 MHz. For the purpose of example, only the center 
frequency of the passband has been changed in the illustrated graph. It will be 
appreciated, however, that the width and power of the low noise region can also be 
changed in accordance with the present invention. 

[0028] FIG. 3 illustrates a functional block diagram of an exemplary tunable 
exciter 50 in accordance with an aspect of the present invention. The exciter 50 
comprises a delta-sigma modulator 52 that receives a digital input signal at a first word 
size and sample rate, and outputs a modulated output signal having a second word size 
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and sample rate. In the illustrated example, the first word size is twelve bits and the 
second word size is one bit. It will be appreciated that the digital input signal can be 
oversampled to produce an output signal at an increased rate, or frequency. For 
example, the delta-sigma modulator 52 and a digital-to-analog converter 90 can process 
the oversampled input signal at a high rate to directly produce radio frequency output 
without the need for upconversion of the signal. 

[0029] The delta-sigma modulator 52 can comprise one or more stages, limited 
only by practical considerations. The delta-sigma modulator 52 quantizes the input 
signal, but in such a way as to shape the quantization noise produced by the delta- 
sigma modulator 52 into frequencies outside of a band of interest. It will be appreciated 
that even though two stages are illustrated and described, the delta-sigma modulator 52 
can comprise more than two stages or a single stage. The number of stages and the 
filter coefficients determine the number and location of zeroes in the noise transfer 
function; in turn determining the shape and width of the low noise region. 
[0030] A first stage comprises a first summer 54 and a first integrator 56. The 
first summer 54 receives an input signal and weighted feedback from the output of a 
second stage. The feedback signal is weighted by a scalar value at a first register 58. 
It will be appreciated that the scalar value associated with the first register 58, and any 
subsequent registers can be negative, such that the feedback signal is deducted from 
the input signal. The first summer 54 sums the received signals and passes the sum to 
the first integrator 56. The output of the first integrator 56 provides the input for a 
second stage. 

[0031] The second stage comprises a second summer 60 and a second 
integrator 62. The output of the first integrator 56 is received at the second summer 60. 
The second summer 60 also receives a weighted, quantized, feedback from a quantizer 
66. The feedback signal is weighted by a scalar value at a second register 64. The 
summed signals are passed to the second integrator 62. The output of the second 
integrator is passed to the quantizer 66, which converts the output of the integrator into 
a predetermined number of digital bits. In the illustrated embodiment, the output of the 
quantizer has a smaller digital word size than the input of the first summer 52. 
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[0032] The quantizer 66 is driven by a clock circuit 86 to produce its output at a 
selected sample rate. In an exemplary embodiment, the clock circuit can be a digital 
frequency synthesizer. The clock circuit 86 is controlled by a frequency control 88 that 
drives the clock circuit 86 to achieve a desired clock rate for the delta-sigma modulator 
52 associated with a desired output frequency for the exciter 50. The frequency control 
can be made responsive to user input. 

[0033] A delta-sigma modulator 52 provides one or more narrow high dynamic 
range frequency bands by shifting its associated quantization noise to out-of-band 
frequencies. The high dynamic range frequency bands associated with delta-sigma 
modulator 52 generally have center frequencies that are multiples of its clock rate. In 
an exemplary delta-sigma modulator, a center frequency of one high dynamic range 
band can be found at one-fourth of the clock rate. Thus, the position of these high 
dynamic range bands can be shifted across frequencies by changing the associated 
clock rate of the delta-sigma modulator 52. 

[0034] The output of the quantizer 66 is then provided to a digital-to-analog 
converter 90. The digital-to-analog converter 90 is also driven by the clock circuit 86, 
such that it operates at the same rate as the delta-sigma modulator 52. The output of 
the digital-to-analog converter 90 is provided to a tunable filter 92. The tunable filter 92 
attenuates signals having a frequency outside one or more passbands associated with 
the filter. Each of the filter passbands has an associated center frequency that can be 
altered in response to a control signal from the frequency control 88. This allows the 
system to react to changes in the frequency of the analog output from the digital-to- 
analog converter 90 by shifting one or more passbands. 

[0035] The tunable filter 92 can comprise a bank of filters, each having a desired 
passband of interest. Alternatively, the tunable filter 92 can comprise a surface acoustic 
wave (SAW) filter that can electronically controlled to configure one or more 
micromechanical components that define its one or more associated passband 
frequencies. Other tunable filters having similar frequency agility can be utilized in 
accordance with one or more aspects of the invention. The output of the tunable filter 
92 is a clean analog signal at a desired frequency that can be amplified and broadcast 
according to know methods. 
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[0036] FIG. 4 illustrates an exemplary embodiment of an exciter 100 in 
accordance with another aspect of the present invention. The exciter 100 comprises a 
delta-sigma modulator 102 that receives a digital input signal at a first word size and 
sample rate and outputs a modulated output signal having a second word size and 
sample rate. In the illustrated example, the first word size is twelve bits and the second 
word size is one bit. It will be appreciated that the digital input signal can be 
oversampled to produce an output signal at an increased rate, or frequency. For 
example, the delta-sigma modulator 102 and an associated digital-to-analog converter 
138 can process the oversampled input at a high rate to directly produce radio 
frequency output without the need for upconversion of the signal. 
[0037] The delta-sigma modulator 102 comprises one or more stages, limited 
only by practical considerations. The delta-sigma modulator 102 quantizes the input 
signal, but in such a way as to shape the quantization noise produced by the delta- 
sigma modulator 102 into frequencies outside of a band of interest. It will be 
appreciated that even though two stages are illustrated and described, the delta-sigma 
modulator 102 can comprise more than two stages or a single stage. 
[0038] A first stage comprises a first summer 104 and a first integrator 106. The 
first summer 104 receives an input signal and weighted feedback from the output of a 
second stage. The feedback signal is weighted by a scalar value at a first register 108. 
It will be appreciated that the scalar value associated with the first register 1 08, and any 
subsequent registers can be negative, such that the feedback signal is deducted from 
the input signal. The first summer 104 sums the received signals and passes the sum 
to the first integrator 106. The output of the first integrator 104 provides the input for a 
second stage. 

[0039] The second stage comprises a second summer 110 and a second 
integrator 112. The output of the first integrator 106 is received at a second summer 
110. The second summer 110 also receives a weighted, quantized, feedback from a 
quantizer 116. The feedback signal is weighted by a scalar value at a second register 
114. The summed signals are passed to the second integrator 112. The output of the 
second integrator is passed to the quantizer 116, which converts the output of the 
integrator into a predetermined number of digital bits. In an exemplary embodiment, the 
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quantizer 116 performs a threshold determination to produce a one-bit output for the 
delta-sigma modulator 102. It will be appreciated, however, that the quantizer 116 can 
produce a multi-bit output in accordance with one or more aspects of the present 
invention. 

[0040] A frequency associated with the digital output of the delta-sigma 
modulator can be altered by a frequency control 136. In accordance with an aspect of 
the present invention, the register at each stage (e.g, 108 and 1 14) is programmable 
such that the scalar value associated with the register can be altered by a control signal 
from the frequency control. In the illustrated delta-sigma modulator, the feedback 
registers essentially act as digital filter coefficients. Altering these coefficients directly 
shifts the frequency characteristic of the high dynamic range bands created by the 
delta-sigma modulator 102 by changing the "shape" of the quantization noise across the 
frequency spectrum. Thus, the width and dynamic range of a particular band can be 
changed by shifting the number of and the placement of one or more zeroes in the filter 
transfer function of the delta-sigma modulator. For example, the programmable 
coefficients can be altered to increase the dynamic range of a particular high dynamic 
range region by overlapping multiple low noise regions at a particular frequency. 
[0041] The digital output of the delta-sigma modulator 102 is provided to a digital- 
to-analog converter 138, which converts the output into an analog signal. This analog 
signal is provided to a tunable filter 140. The tunable filter can comprise a filter bank, a 
micromechanically tunable SAW filter, or any other tunable filter known in the art. The 
tunable filter 140 is controllable by the frequency control 136 to adopt one or more 
passbands having center frequencies corresponding with the low noise bands of the 
delta-sigma modulator 102. 

[0042] It will be appreciated that the various aspects of the invention illustrated in 
FIGS. 3 and 4 can be practiced in concert, as well as independently, to create a delta- 
sigma digital-to-analog converter having passbands with both a programmable center 
frequency and adaptable "shape" (e.g., passband width and dynamic range). 
[0043] FIG. 5 illustrates a transmitter system 150 comprising a multi-carrier 
exciter 151 in accordance with one or more aspects of the present invention. A digital 
signal source 152 provides a plurality of digital signals to a delta-sigma modulator 154. 
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Each of the plurality of digital signals can have an associated frequency. In an 
exemplary embodiment, each of the associated frequencies can be found within a 
relatively narrow band of frequencies. The digital signal source 152 can be a direct 
digital synthesis device or any other appropriate digital signal processing circuit. The 
signal is filtered and quantized at the delta-sigma modulator 154 to bring the digital 
signals to respective radio frequencies. The respective radio frequency associated with 
each signal is determined by the spacing of the original associated frequencies. The 
DSM provides an average output frequency based on its architecture and clock rate. 
The delta-sigma modulator 154 can be frequency agile in accordance with one or more 
aspects of the invention such that one or more frequency characteristics of the delta- 
sigma modulator are controlled at a frequency control 156. 

[0044] The output of the delta-sigma modulator 1 54 is provided to a digital-to- 
analog converter (DAC) 158. The digital-to-analog converter 158 converts the radio 
frequency digital signals from the delta-sigma modulator 154 into analog signals. The 
digital-to-analog converter can be programmable, in accordance with one or more 
aspects of the present invention, such that the frequency characteristics of the device 
can be altered at the frequency control 156. In an exemplary implementation of the 
invention, the output of the delta-sigma modulator 154 is a one-bit output, and the 
digital-to-analog converter 158 has one-bit of resolution. It will be appreciated, 
however, that both the output of the delta-sigma modulator 154 and the resolution of the 
digital-to-analog converter can be multi-bit in accordance with one or more aspects of 
the present invention. 

[0045] The analog signals are provided to a channelizing filter 160, where they 
are filtered and separated into a plurality of individual carrier signals with respective 
radio frequencies. The channelizing filter 160 can have a plurality of narrow passbands, 
each having a center frequency associated with the respective radio frequencies of the 
analog signals. The channelizing filter 160 can be tunable, such that the center 
frequency or shape of the narrow passbands can be altered by the frequency control 
156. In an exemplary implementation, the channelizing filter 160 is a surface acoustic 
wave filter that is electrically tunable via one or more micromechanical components 
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within the filter. It will be appreciated, however, that any appropriate tunable filter or 
filter bank can be used in accordance with one or more aspects of the present invention. 
[0046] The plurality of carrier signals are then provided to a plurality of amplifiers 
162-168. In an exemplary embodiment, each of the plurality of carrier signals is 
provided to a different amplifier, but it will be appreciated that plural sets of signals can 
be provided to multi-carrier amplifiers. The amplifiers 162-168 amplify the provided 
signals and the amplified signals are provided to respective antennas (not shown) for 
transmission. 

[0047] FIG. 6 is an example of a frequency agile digital synthesizer system 300 in 
accordance with an aspect of the present invention. The system 300 includes a 
memory 302 that stores N predetermined signal patterns 304, 306, and 308, where N is 
an integer greater than 1 . The signal patterns 304-308 can be stored as digital 
representations of corresponding analog signal patterns that have been generated for a 
predetermined duration at desired frequencies. Alternatively, the signals can be 
generated digitally, such as with a baseband modulator, DSP or other signal generator 
device. The frequency patterns 304-308 can be spaced over a desired frequency 
range, such as at fixed or variable intervals between adjacent frequencies. It is to be 
understood and appreciated that any set of frequencies, which can be related or 
unrelated, can be stored in the memory 302 for use in the system 300 according to an 
aspect of the present invention. 

[0048] A switch system 310, such as a multiplexer, is associated with the 
memory 302 for selecting a desired one of the N frequency patterns 304-308. A 
frequency control 312 provides a selection signal for controlling which of the N patterns 
is to be provided to an associated digital-to-analog converter (DAC) 318. The selected 
pattern can be provided as an M-bit data stream, where M > 1. Those skilled in the art 
will understand and appreciate various types of frequency selection mechanisms that 
can be utilized to select a desired carrier frequency in accordance with an aspect of the 
present invention. For example, the frequency control function can be implemented as 
hardware, software or a combination thereof. In one particular example, the frequency 
selection can be computer-executable instructions implemented in the memory 302. 
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[0049] The DAC 318 converts the data stream into a corresponding analog signal 
having a desired frequency as defined by the selected pattern. The DAC 318 can also 
be controlled by the frequency control 312 to alter the shape or center frequency of a 
characteristic passband associated with the DAC 318. Where the system 300 is 
implemented within transmitter circuitry, the DAC 318 can provide the analog signal 
directly at a desired transmission frequency according to an aspect of the present 
invention. In this way, no additional analog upconversion is required prior to 
transmission of the filtered signal, and the system can provide a substantially pure 
carrier signal that can be mixed with desired data for subsequent transmission. 
Alternatively, the system 300 could be implemented in conjunction with receiver circuitry 
or other devices requiring substantially pure signals that can hop to desired frequencies 
according to a hop rate for such applications. 

[0050] The DAC 31 8 provides the analog output signal to a tunable filter 320. 
The tunable filter 320 attenuates analog signals having a frequency outside of one or 
more characteristic passbands. The tunable filter is programmable, such that one or 
more frequency characteristics of its passbands can be electrically altered by the 
frequency control 312. For example, the frequency control can change associated 
center frequencies of one or more passbands of the filter. In an exemplary 
implementation, the tunable filter 320 is a surface acoustic wave filter that is electrically 
tunable via one or more micromechanical components within the filter. It will be 
appreciated, however, that any appropriate tunable filter or filter bank can be used in 
accordance with one or more aspects of the present invention. 
[0051] The filtered signal is provided to an amplifier 322 operative to amplify the 
selected signal pattern to provide an output signal at a desired level. For example, the 
amplified signal can be provided as a local oscillator signal to drive a mixer such that 
the signal operates as a carrier frequency for transmission of wireless communication 
signals or for up or down conversion in a transceiver. 

[0052] FIG. 7 is an example of another digital synthesizer system 350 in 
accordance with an aspect of the present invention. The system 350 is similar to the 
system 300 shown and described with respect to FIG. 6, but makes use of a delta- 
sigma modulator within the digital-to-analog conversion. The system 350 includes a 
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memory 352 that stores N predetermined signal patterns 354, 356, and 358, where N > 
1 . The signal patterns 354-358 can be stored as digital representations of 
corresponding analog signal patterns that have been generated for a predetermined 
duration at desired frequencies. Alternatively, the signals can be generated digitally, 
such as with a baseband modulator, DSP or other signal generator device. The 
frequency patterns 354-358 can be spaced over a desired frequency range, such as at 
fixed or variable intervals between adjacent frequencies. It is to be understood and 
appreciated that any set of frequencies, which can be related or unrelated, can be 
stored in the memory 352 for use in the system 350 according to an aspect of the 
present invention. 

[0053] A switch system 360, such as a multiplexer, is associated with the 
memory 352 for selecting a desired one of the N frequency patterns 354-358. A 
frequency control 362 provides a selection signal for controlling which of the N patterns 
is to be provided to an associated delta-sigma modulator 366. The selected pattern can 
be provided as an M-bit data stream, where M > 1 . Those skilled in the art will 
understand and appreciate various types of frequency selection mechanisms that can 
be utilized to select a desired carrier frequency in accordance with an aspect of the 
present invention. For example, the frequency control 362 can be implemented as 
hardware, software or a combination thereof. 

[0054] The delta-sigma modulator 366 is programmed and/or configured to 
process a selected one of the signal patterns to provide a high dynamic range quantized 
data stream having a predetermined number of bits for driving an associated DAC 368 
at a desired sample rate. The output data stream may be oversampled to provide a 
higher dynamic range. Those skilled in the art will understand and appreciate various 
approaches that can be utilized to implement a digital delta-sigma modulation in 
accordance with an aspect of the present invention. The delta-sigma modulator 366 
provides a quantized output signal that typically has a reduced number of bits per 
sample when compared to the input signal, but at a faster sample rate than the input 
signal. 

[0055] In accordance with one or more aspects of the present invention, the 
delta-sigma modulator 366 can be controlled by the frequency control 362 to change 
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one or more frequency characteristics of the delta-sigma modulator. For example, 
delta-sigma modulators tend to shape quantization noise associated with the 
modulation process as to leave a few narrow bands of high dynamic range operation. 
The frequency control 362 can alter this shaping process to change one or more of the 
width, center frequency, and the associated dynamic range of the high dynamic range 
frequency bands. The process of adapting the delta-sigma modulator in this manner is 
described in more detail in the discussion of FIGS. 3 and 4 above. 
[0056] The DAC 368 converts the delta-sigma modulated data stream into a 
corresponding analog signal having a desired frequency as defined by the selected 
pattern. The DAC 368 can be a one-bit or multi-bit DAC. A one-bit or low multi-bit DAC 
for converting a data stream can facilitate providing the analog output at a desired 
frequency, such as can be in the GHz or upper MHz range. For example, the DAC 368, 
delta-sigma modulator 366 and switch system can be configured from SiGe, InP or 
other high-speed integrated circuit technologies. The delta-sigma modulator 366 is 
configured to provide a data stream having an appropriate number of bits according to 
the DAC 368 being utilized. 

[0057] The DAC 368 provides the analog output signal having the desired 
frequency to a tunable filter 370. In an exemplary embodiment, the DAC 368 can be 
configured by the frequency control 362 to operate at a desired frequency, such that an 
associated clock rate of the DAC 368 can be matched to the varying sample rate of a 
frequency delta-sigma modulator. Where the system 350 is implemented within 
transmitter circuitry, the DAC 368 can provide the analog signal directly at a desired 
transmission frequency according to an aspect of the present invention. In this way, no 
additional analog upconversion is required prior to transmission of the filtered signal, 
and the system can provide a substantially pure carrier signal that can be mixed with 
desired data for subsequent transmission. Alternatively, the system 350 could be 
implemented in conjunction with receiver circuitry or other devices requiring 
substantially pure signals that can hop to desired frequencies according to a hop rate 
for such applications. 

[0058] The tunable filter 370 attenuates analog signals having a frequency 
outside of one or more characteristic passbands. The tunable filter is programmable, 
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such that one or more frequency characteristics of its passbands can be electrically 
altered by the frequency control 362. For example, the frequency control can change 
associated center frequencies of one or more passbands of the filter. In an exemplary 
implementation, the tunable filter 370 is a surface acoustic wave filter that is electrically 
tunable via one or more micromechanical components within the filter. It will be 
appreciated, however, that any appropriate tunable filter or filter bank can be used in 
accordance with one or more aspects of the present invention. 
[0059] The filtered output signal can be passed to an amplifier 372 operative to 
amplify the selected signal pattern to provide an output signal 374 at a desired level. 
For example, the amplified signal can be provided as a local oscillator signal to drive a 
mixer such that the signal operates as a carrier frequency for transmission of wireless 
communication signals or for up or down conversion in a transceiver. 
[0060] In view of the examples shown and described above, a methodology in 
accordance with the present invention will be better appreciated with reference to the 
flow diagram of FIG. 8. While, for purposes of simplicity of explanation, the 
methodology is shown and described as executing serially, it is to be understood and 
appreciated that the present invention is not limited by the order shown, as some 
aspects may, in accordance with the present invention, occur in different orders and/or 
concurrently from that shown and described herein. Moreover, not all features shown or 
described may be needed to implement a methodology in accordance with the present 
invention. Additionally, such methodologies can be implemented in hardware (e.g., one 
or more integrated circuits), software (e.g., running on a DSP or ASIC) or a combination 
of hardware and software. 

[0061] FIG. 8 illustrates a methodology 400 for varying frequency characteristics 
of an exciter in accordance with one or more aspects of the present invention. The 
methodology begins at 402, where the system awaits an input to a frequency control. 
This input can originate from any of a number of sources, including, for example, 
configuration data from a user or an automated configuration message generated by 
signal processing components (not shown) upstream of the exciter. When the input is 
received, the system determines at 404 if it is necessary to change the center frequency 
of a digital-to-analog conversion (DAC) assembly associated with the exciter. If so, the 
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clock rate associated with a delta-sigma modulator within the DAC conversion assembly 
is altered at 406 to produce a desired center frequency for one or more high dynamic 
noise regions associated with the DAC assembly. At 408, the clock rate associated with 
a digital-to-analog converter component within the DAC assembly is changed to match 
the clock rate of the delta-sigma modulator. The methodology then advances to 410. 
[0062] If no change to the center frequency is necessary, the methodology 
proceeds directly to step 410. At 410, the system determines if it is necessary to 
change the shape of the one or more high dynamic range regions associated with the 
DAC assembly. For example, the width and effective dynamic range of the regions can 
be altered. If so, the methodology advances to 41 2, where one or more feedback 
registers within the delta-sigma modulator are altered to produce the desired shape. 
The methodology then advances to 414. If it is not necessary to change the shape of 
the high dynamic range regions, the methodology advances directly to414. 
[0063] At 414, an analog filter on the exciter is configured such that one or more 
passbands on the filter coincide with the desired high dynamic range region of the DAC 
assembly. This can include changing the center frequency of the filter passbands as 
well as changing their effective width. At 416, a tunable channelizer on the exciter is 
configured to match the desired high dynamic range of the DAC assembly. Once the 
filter and channelizer passbands have been configured, the methodology returns to 402 
to await further configuration input at the frequency control. 

[0064] What has been described above includes exemplary implementations of 
the present invention. It is, of course, not possible to describe every conceivable 
combination of components or methodologies for purposes of describing the present 
invention, but one of ordinary skill in the art will recognize that many further 
combinations and permutations of the present invention are possible. Accordingly, the 
present invention is intended to embrace all such alterations, modifications and 
variations that fall within the spirit and scope of the appended claims. 
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